Candidemia is a well-recognized complication of hospital stay, especially in critically ill patients. There is not a general consensus that predictors for candidemia in cardiosurgical intensive care unit (cICU) are different from a general ICU and it has been reported that cardiopulmonary bypass time is a specific risk factor in the cICU. We performed a prospective study to evaluate the main predictors for candidemia in patients admitted to the cICU. Included patients were adults admitted between July 2005 and December 2007 with an ICUlength of stay (ICU-LOS) G48 hours after cardiac surgery. Exclusion criteria were solid organ or bone marrow transplants, previous diagnosis of candidemia or other invasive infections and ICU stay before surgery. A multiple regression analysis was performed to identify the risk factors. Among 1955 patients admitted to the cICU, 345 were enrolled. Only 26 patients (1.3%) had candidemia after an ICU-LOS of 20 days (inter-quartile range, IQR 8-49 days). Total parenteral nutrition wodds ratio (OR)s9.56; confidence interval (CI)s1.741-52.534x, severe sepsis (ORs4.20; CIs1.292-13.667), simplified acute physiology score II (ORs1.16; CIs1.052-1.278) and ICU-LOS )20 days (ORs6.38; CIs1.971-20.660) were independent predictors of candidemia. Patients undergoing cardiac surgery developed candidemia late after cICU admission and the independent predictors were similar to the general ICU.
Introduction
The diagnosis of candidemia in the intensive care unit (ICU) has increased five-fold in the last 10 years and it is currently between the fourth and the sixth most common nosocomial bloodstream infection (BSI) both in the USA and European ICU w1x. In European cardiothoracic ICUs Candida spp. is the fourth isolate with an incidence of 7.7y1000 admissions with an attributable mortality of 40-50% w2x, an extended length of hospital stay w1x and increased costs of medical care w3x. Several risk factors for invasive candidiasis in the adult intensive care settings have been evaluated: ICU-length of stay (LOS) longer than 10 days, diabetes mellitus, renal failure and hemodialysis, broad spectrum antibiotics, central venous catheter, immunosuppressive drugs, cancer and chemotherapy, severe acute pancreatitis, candida colonization at multiple sites, solid organ or bone marrow transplantation w4, 5x.
Recently, a bedside candida score have been evaluated wsurgery, sepsis, multifocal colonization, total parenteral nutrition (TPN)x, in order to select patients eligible for early antifungal treatment w6x.
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In cardiac surgery ICU (cICU) only ongoing invasive mechanical ventilation (MV) )10 days, BSI caused by bacteria, cardiopulmonary bypass (CPB) G120 min and diabetes mellitus represented independent predictors of candidemia. Hypoperfusion due to prolonged CPB and subsequent mucosal barrier damage, enhanced by metabolic syndrome and sepsis, may increase intestinal mucosal permeability and promote bacterial translocation w2, 7x.
The main objective of this study was to investigate the risk factors for candidemia in a cICU and whether specific risk factors correlated to cardiac surgery were present.
Materials and methods
We conducted a prospective observational study between July 2005 and December 2007 in the cICU of San Giovanni Battista-Molinette Hospital in Turin, Italy, a 1200-bed academic primary and secondary referral hospital. An institutional Ethic Committee approved the research protocol and informed consent was not required since the study was observational and mandated no deviations from routine medical practice. Downloaded from https://academic.oup.com/icvts/article-abstract/12/3/374/759126 by guest on 08 December 2018
Study population
Included patients were admitted to the cICU for G48 hours. Exclusion criteria were solid organ or bone marrow transplant, previous diagnosis of candidemia or other invasive infections and ICU stay before surgery. The data recorded for each patient included w2x: age, gender, type of intervention, co-morbidities, coronary artery disease, left ventricular ejection fraction (LVEF) -30%, CPB and aortic cross-clamp time, MV G10 days, BSI, severe sepsis, administration of G2 broad spectrum antibiotics, TPN, renal replacement therapy (RRT), ICU-LOS. The amount of antibiotic used was calculated with the dailydefined dose (DDD) for each patient, according to the World Health Organization definition w8x.
The European System for Cardiac Operative Risk Evaluation (EuroSCORE) w9x and the Simplified Acute Physiology Score II (SAPS II) w10x were calculated for each patient to assess the operative risk for cardiac intervention and the severity of illness at the ICU admission, respectively.
Diagnosis of candidemia was made with G1 positive blood culture for Candida spp. either from a central venous catheter or a peripheral vein w2x. All patients were treated according to the guidelines, with removal of all intravenous and arterial catheters and administration of antifungal therapy by the attending physician and were followed for 30 days.
The selection of variables, to assess the risk factors for candidemia with the multivariate analysis, were performed based on previous published data w2x: age, hypertension, diabetes mellitus, vascular disease, chronic obstructive pulmonary disease, RRT, low LVEF, re-intervention, CPB, broad spectrum antibiotics, blood stream infections, TPN, MV )10 days, prolonged ICU stay. We excluded central venous line, because all our patients had one until the discharge from the ICU.
Outcome assessment
Ventilator free days (VFD) were calculated as 28 days less the time on MV and patients who died before were considered as having VFDs0. ICU-LOS was calculated up to 28 days and patients who died before were considered as having the maximum value. We calculated survival rate at 30 and 60 days from cICU admission. We performed a multivariate analysis with a Cox model to evaluate candidarelated death. We included all variables that could be responsible for increase risk of death in this kind of patient, according to previous published data w9x.
Statistical analysis
Continuous data were expressed as mean"S.D. or median and inter-quartile range (IQR). Comparison of continuous and categorical data between groups were performed using the unpaired Student's t-test or Mann-Whitney U and x or 2 Fisher's exact test, respectively, and were considered significant for P-0.05.
To assess independently risk factors of candidemia, a logistic regression model was created and all variables were included into the model when clinically meaningful and a forward stepwise logistic regression analysis was performed to identify the strongest predictors. A significant level for odds ratio estimation was PF0.05. Model validation was assessed with sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV).
Kaplan-Meier survival analysis was done to compare survival between the two groups stratified by candidemia. Curves were compared by means of the log rank test. To estimate the effect of candidemia on mortality after the adjustment for other explanatory variables, a Cox regression model has been created, giving the hazard ratio (HR) of death of each variable (16.0.2, SPSS, Chicago, IL, USA).
Results
Among 1955 patients admitted to the cardiac ICU, 349 met the selection criteria (Fig. 1) and 26 (1.3%) developed candidemia. Median time from the ICU admission to the diagnosis was 20 days (IQR 8-49 days). The pathogen isolated more frequently on blood samples was Candida albicans, ns19 (73%), followed by C. glabrata, ns4 (15%), C. krusei, ns2 (8%), and C. tropicalis, ns1 (4%).
The main results are shown in Table 1 . There were no significant differences per gender, co-morbidities, low LVEF and specific cardiac surgery data, such as off-pump surgery, need for re-intervention and CPB time. Patients with candidemia had significantly more renal dysfunction compared to the control group, higher perioperative risk according to EuroSCORE, higher SAPS II, bacteremia, severe sepsis, TPN, RRT, MV G10 days and ICU-LOS )20 days. There was significantly higher administration of Gtwo antibiotics for G72 hours with statistically significant differences on the daily defense doses (DDDs) of wide spectrum antibiotics, such as meropenem and piperacillin-tazobactam.
A forward logistic regression analysis selected TPN, severe sepsis, SAPS II score and an ICU-LOS G20 days as independent predictive factors of candidemia. The model was validated with the evaluation of sensitivity, specificity, PPV and NPV tests ( Table 2) .
Outcome variables
Patients who developed candidemia had significantly longer MV (VFD: 24"6 vs. 4"9 days, P-0.001) and a longer ICU-LOS (21"7 vs. 2"4 days, P-0.001) compared to the control group. The mortality rate at 30 days was 31% (8y 26), in the Candida group compared to 13% (43y323) in the control group (P-0.02) and increased dramatically after 60 days from the cardiac intervention, 47% (12y26) compared to 14% (44y323), in the control group (P-0.001). The Kaplan-Meier curve showed a significant higher mortality in the Candida group (Fig. 2) .
The Cox regression analysis showed a significant HR for death in the female gender, acute myocardial infarction (AMI) -90 days and dialysis. The hazard ratio (HR) of candidemia was not significant and it was -1, with a 95% confidence interval that included 1 (Table 3 ).
Discussion
The incidence of invasive infections from Candida spp. has increased dramatically in the last three decades in the ICU setting with an increased percent of C. non-albicans. 
19 ( In cICU C. albicans is still prevalent (70%), with an overall incidence of candidemia of 7.7y1000 admissions w2x. Our epidemiological data are similar with a prevalence of C. albicans of 73% but with a higher incidence of 13y1000 admissions, in a setting with low empiric use of fluconazole.
It has been widely described that prolonged ICU stay represents the single most important risk factor in critically ill patients. Several studies have showed that the incidence of candidemia peaks around day 10, while other studies reported an increase of Candida colonization and invasive OR, odds ratio; CI, confidence interval; ICU-LOS, intensive care unit-length of stay; TPN, total parenteral nutrition; SAPS II, Simplified Acute Physiology Score II. Fig. 2 . The Kaplan-Meier curve showed a significant higher mortality in the Candida group. Control group is the black continuous line; Candida group is the black dotted line. HR, hazard ratio; 95% CI, 95% confidence interval; COPD, chronic obstructive pulmonary disease; AMI, acute myocardial infarction; IABP, intra-aortic balloon pump; CPB, cardiopulmonary bypass; ICU-LOS, intensive care unitlength of stay; MV, mechanical ventilation; TPN, total parenteral nutrition; ATB, antibiotics. disease after eight days w11, 12x. Recent data did not confirm these results in a cICU, where an ICU stay )9 days was significantly higher in patients with candidemia without representing a risk factor w2x.
Our data showed that after cardiac surgery patients developed candidemia later during the cICU stay, around day 20, compared to other available data for a general ICU w11, 12x, while a shorter LOS dramatically reduced the diagnosis of candidemia, confirming that probably only the most severe and complicated patients are at risk of invasive candidemia w13x. The question is whether specific risk factors of cardiosurgery may be highlighted as Michalopoulos et al. reported that CPB )120 min was significantly associated with the development of candidemia w2x.
Our results do not support these findings and do not confirm that a higher CPB time is associated with candidemia but strongly suggest the role of general and wellknown ICU risk factors. We should mention, however, that in our study only patients with an ICU stay G48 hours were included while Michalopoulos et al. studied all patients undergoing cardiac surgery w2x.
A delay in the antifungal treatment dramatically increases mortality in patients with candidemia w14x. Therefore, a recent bedside scoring system has been developed for the early identification of non-neutropenic critically ill patients with the weighted scoring of severe sepsis, major surgery, TPN and Candida colonization w6x. Although we could not use the colonization index we found that severe sepsis and TPN were strong predictors of candidemia and avoiding TPN, as demonstrated by the high NPV and the low PPV, is highly protective.
Several authors showed a dramatic increase of mortality in critically ill patients with candidemia, ranging from 31 to 57% w13-15x. In the present study the absolute mortality in the Candida group was 31% and 47% after 30 and 60 days from cICU admission, respectively, and this was significantly higher compared to the control group.
Even though the survival rate, at 60 days after cardiac intervention, was significantly reduced in the Candida group, candidemia did not represent a variable that increases the risk of mortality in our cICU after cardiac surgery, while being a male and avoiding recent AMI and dialysis reduces the risk of mortality after 60 days from cardiac surgery. These variables are a confirmation that EuroSCORE still remains the strongest method to predict mortality in cardiac surgery patients.
These results could suggest that candidemia is not a frequent event in this kind of population, but it is expression of severity of these ICU patients and it is not a variable that increases the risk of death.
In conclusion, patients undergoing cardiac surgery developed candidemia late after cICU admission and the independent predictors were similar to the general ICU population. We may need lager multicenter trials to confirm these results and rule out any effect from cardiac surgery factors.
